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ABSTRACT

The purpose of the present research was to stugeffiects of mental practice on the strength gaid a
electromyographic changes in elbow flexor musdéshealthy, non-athlete men with 22.5+1.36 years of
age, 175.1846.62 cm of height, 68.78+7.05 kg ofglvgiand 20.81+3.71 motor imagery ability without
any record of injury in elbow, shoulder, wrist, aathow tendons and flexor muscles were selected and
randomly divided into an experimental group (8 sagt§) and a control group (8 subjects). The
experimental group imagined maximum voluntary ations of the elbow flexors for four weeks and
five sessions a week. The control group did notigipate in any physical or mental practice, bueyh
were included in all the measurements. The exengisgram involved the imagery of 50 maximum
voluntary contractions in two rounds with 25 refietis. The maximum voluntary contraction (MVC) and
integrated electromyography (IEMG) were measuredngumaximum voluntary contractions of the
elbow flexor muscle group in the pretest and th&ttpst. Student’s t-test was applied for data asialst

P = 0.05 significance level. The results revealed thatdtrength of elbow flexor muscles increased by
30% in the experimental group and5% in the congn@up and a significant difference was observed
between the experimental group and the control grouthe strength gain of elbow flexor muscles.
Moreover, integrated electromyography increasednifigantly in the elbow flexor muscles of the
experimental group and decreased significantly llmoe extensor muscles. The overall results of the
research suggested that mental practice can ineahg strength of elbow flexor muscles and this
strength gain is apparently associated with thengles in the programming of the central nervousesgst
which has led to an increase in the level of atibraof agonist muscles.

Keywords: mental practice, strength, electromyography, magriwoluntary contraction.
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INTRODUCTION

The increase in voluntary muscle strength is duaedral adaptation and muscle hypertrophy
and the strength gain at the early levels of egsergrogram is mainly due to changes in the
nervous system [1, 2]. In fact, physical exerciseses adaptation in the brain and spinal cord; as
a result, the ability of the individual to recraitor units increases and this will facilitate masc
contraction and will increase muscles’ ability tengrate power [15, 2]. In addition, research
studies have shown that exercising the muscles lohla is followed by an increase in the
strength of the antagonist muscles without any@ser{14]. When the arm muscles on one side
of the body were subjected to endurance trainirgt pf the effect of the exercise was
transferred to the arm muscles of the contralagzaetl of the body. In this case the strength gain
in the exercised arm is related to muscle hypentyand the increased activation of motor units;
yet, strength gain in the untrained arm is due é¢aral adaptation [11]. The phenomenon of
strength gain in the untrained muscle has led &hélief that muscle strength can increase
without repeated activation of the muscle or maoieurons [14], while this issue was not widely
studied in clinically and scientifically orienteegsearch. Early strength gain may be due to
changes in the motor program of maximum voluntagti@action of the muscle in the central
nervous system; thus, changes may occur in the rnimgram for maximum voluntary
contraction as a result of mental practice [22].

On the other hand, research on skill acquisitioows&d that mental practice leads to better
performance. Until a few years ago, scientists ystgd skill acquisition were uncertain that
mental practice leads to learning. At that time, éixisting notion of practice and acquisition had
made physical practice an indispensable part ahieg and it was apparently difficult to
understand how learning may occur without perfogmmovements or without active exercise.
Nonetheless, various studies yielded satisfyingdewte suggesting that mental practice
processes really lead to motor learning. Thus, aleactors which control muscle parameters
(amplitude-timing) can improve by mental practiCEhis interpretation was supported by
research evidence that during motor learning, neagtavities in different brain regions change
based on the level of motor skill achievement [1Q]. It is therefore possible that repeated
imagery of contractions will change the maximumrggeroduction in a joint. These changes in
the programming of the central nervous system measease the activation of motor neurons or
increase the relative levels of activation of agband antagonist muscles in a joint [22]. Finally,
considering the strength gain in the early stagegxercise due to neural adaptations, the
phenomenon of increase in muscle strength of théralateral limb, and improvement of motor
skill performance with mental practice, the questioat arises is whether imagery of maximum
voluntary muscle contractions can increase thengtheof the proximal muscle group including
elbow flexor muscles.

The goal of advanced medical programs for neuro®dgnd orthopedic diseases is to increase
the strength of muscles or specific muscle grolipshniques implemented by physiotherapists
for improving strength include strength trainingttwiweights, elastic bands, isokinetic and
isotonic machines, and electrical neuromusculamukition. In most of these techniques, the
patient needs muscle contraction for exercise amcksn some orthopedic and neurological
injuries muscle contraction is painful or even iregible, neurological research suggest that it is
possible to improve strength through mental practicthout the need for muscle contraction
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[16]. In a research aiming to increase the strewftthe abductor muscle of little finger, Yue
showed that mental practice has increased strammtto 22%. However, the effect of mental
practice on the strength of the proximal muscles #te mostly used in everyday activities has
not yet been specified [22]. In 1998, Herbert fomadsignificant difference between the control
group and the mental practice group in the changdise strength of elbow flexor muscles [5]
and Ranganathan (2004) came to a similar conclydijn It appears that these research studies
have disregarded internal imagery and imagerytghithich are two of the factors that play an
important role in the success of mental practidedi®s have shown that the efficiency of
imagery as a form of mental practice depends onrttagery ability of the individual. Some
people can hardly form a mental image of an actibile others can do so with great vividness
and control; it is thus illogical to expect an wmdual with poor imagery ability in a mental
practice group to have a better control in comparigith other group participants [17, 6].
Therefore, by taking into account the imagery &pitif subjects and by using internal imagery,
the present research studies the effects of men&égery on strength gain and electromyography
changes in elbow flexor muscles.

MATERIALSAND METHODS

Subjects

The subjects were 16 healthy, untrained male stadeight-handed, with 22.5+1.36 years of
age, 175.18+6.62 cm of height, 68.78+7.05 kg ofgltiand 20.81+3.71 motor imagery ability.
Prior to carrying out the research, the subjedisdfiout the Sports Medicine Questionnaire,
Motor Imagery Ability Questionnaire, and the formmisconsent. The subjects had no record of
regular endurance training, nor did they have a&opnmd of other regular sports exercise over the
past two years; they had no record of ailment ogexy in upper limb muscles and were
purposefully selected and were randomly divided the mental practice group (8 subjects) and
the control group (8 subjects) using simple randsiection method; the pretest and posttest
measurements were repeated after four weeks diqedt4, 22].

Practice Program

The subjects in the experimental group performedtateontractions of elbow flexor muscles
for 4 weeks, 5 sessions a week, and 50 contraciinaach session. The subjects in the control
group had no physical exercise but participatedlirthe measurements. Further, the subjects
were asked to immediately inform the researcheutaboy change in their lifestyles and daily
activities [14]. During practice sessions, subjesat on a chair with their arms hanging at the
side of their body without any tension. The sulgegere asked to close their eyes, take a deep
breath, and relax all their body for 2 minutes. hBy the order of the trainer, the subjects
mentally generated, in the form of internal imagéing maximum contraction they had produced
in the pretest for measuring the strength of elfiewor muscles. After 5 seconds of contraction
and by researcher’s order to rest, the subjectsdder 5 seconds. This mental contraction was
alternately repeated 25 times; afterwards the stjested for two minutes and then performed
another 25 mental contractions. The arm musclethefsubjects were obviously without any
voluntary tension or contraction during the praetiand this issue was controlled by the
researcher during the entire mental practice sesditoreover, during the period of mental
practice, the heart rate of one of the subjects aadomly measured and recorded each week
during both resting and performing mental practiseng a digital pulse-meter [14].
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Measuring Static Strength

Measuring the MVC of the right hand of each subjedhe control group and the experimental
group was repeated three times with a 2-minuteiméstval between each measurement and the
maximum value obtained was used for data analgdis The elbow flexion force was measured
by means of a load cell set between the lever la@dbase which were connected by a cable; the
force signal was transferred from the load celioC amplifier (Jackson 33528, Lafayette Inc.,
USA) and was displayed using the oscilloscope efdévice. Thus, the subject sat on the seat of
the device and in order to prevent him from usitigep muscles, his trunk was completely
fastened and fixed by a belt, the shoulder join$ wasitioned in 90° abduction so that the arm
was along the shoulder, and the knee angle wad ixel measured at 90° (figure 1) using an
SG110 goniometer made by Biometrics Inc., Engl&@].During measurement, the subject was
asked to gradually exert his maximum force in twoahds and to maintain the maximum force
for three seconds after reaching it. Indeed thgests were verbally encouraged to achieve
maximum strength during the test, and to increbseantotivation of the subjects, they were told
that a prize would be given to the one with thehbgj recorded force [14].
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Figure 1. Knee and shoulder angles
(in this state, the subject is in a position whieeecan only use his elbow flexor muscles for exgfforce)

Recor ding Electromyography (EMG):

Bipolar electrodes (two active electrodes and aneryl electrode) were used to record EMG by
means of an eight-channel Muscle Tester ME3000p@erbg Mega Electronic Inc., Finland. To
decrease the electrical impedance at the skinretitinterface, first the extra skin hair was
removed; then, the skin was rubbed with a fine sitbeain a smooth and controlled fashion, and
afterwards it was cleaned using a piece of cottmreased with alcohol. The criterion for
reaching a favorable level of skin impedance (legistance) was for the skin to turn into a light
red color. Then, a Medicotest Blue Sensor wet Algnges applied. The space between the two
electrodes was 2 cm and their location was markeal tnagic marker at the mid-belly of biceps
brachii, brachioradialis, and triceps brachii basedthe schematic instructions of Mega Win
software (Ver. 2); then, the electrodes were comkt the points of interest (figure 2) [14, 8].
To decrease the noise, other electric devices wepe away from the measurement device and
the room temperature was fixed (at 25 degreesgranie) as much as possible. During the MVC
test for measuring EMG, the sound alarm of the E&y&tem was used as an indication of the
beginning and the end of contraction. The EMG didgraan electrodes was amplified using a
preamplifier (Megawin; Mega Electronic, Finland)twa band pass of 8Hz (high pass) to 500Hz
(low pass). Then, sampling was done using a 18-bliannel analog-to-digital (A/D) converter
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with 3 mV sensitivity and 2.95 mV resolution (110tipe) made by the same factory and the
samples were transferred to a computer using acabpgable.

Figure 2. Thelocation of electrodes at the mid-belly biceps brachii, brachioradialis, and triceps brachii

Signal Processing

Megawin 2 software designed by Mega Electronic mwas used for signal processing and
computing IEMG. IMEG was measured in a 3-seconcetimerval using théarkers of the
related software.

Analysis

T-test was applied for data analysis and for comgahe studied variables in both experimental
and control groups; the resting heart rate andhtreat rate during mental practice were also
compared using correlated t-test. Data analysis deae af = 0.05 significance level and in
SPSS 11.5 software [3].

RESULTS

The MVC data of elbow flexor muscles as well asrtean IEMG of elbow flexor muscles and
triceps brachii in the pretest and posttest ofekgerimental and control groups are presented in
tables 1 and 2. The differences were analyzed vafipect to the pretest. After practice, a
significant increase of 30% was observed in MVCelifow flexor muscles while the control
group had 5.5% increase, and the changes in tegstr of the experimental group significantly
differed from the changes observed in the controlg (¢ < 0.05).

Table 1. Theresultsfrom the pretest and posttest of the experimental group

Variables Pretest Posttest
Strength (MVC) 9.173+1.96  11.961+1.453
Mean IEMG of Triceps Brachii 606+10.99 507.88+32.12

Mean IEMG of Elbow Flexor Muscl  603.37+10.8 762+23.1.

Table2. Theresultsfrom the pretest and posttest of the control group

Variables Pretest Posttest
Strength (MVC 10.25€+1.45 10.785+1.63¢
Mean IEMG of Tricep Brachii 60641061 605+10.62

Mean IEMG of Elbow Flexor Muscles 601.87+5.55 60256
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The Figures 1 and 2 display the changes in the &G of elbow flexor muscles and triceps
brachii in both the experimental and control groupgan be seen in Figure 1 that there is no
significant difference between the mean IEMG obellflexor muscles of the two groups in the
pretest. Yet after practice, there is a signifiadifference between the two groups in this factor
(P = 0.05) indicating that mental practice has led to a ifiggnt increase in IEMG after a
practice period § = 0.05); however, the IEMG changes in the control grougreases
inconsiderably during the protocol period whicmit significant. As can be seen in Figure 2,
there is no significant difference between the geedf the control group and the experimental
group in mean IEMG of triceps brachii, but a sigraht difference can be observed after
practice £ = 0.05); IEMG decreased significantly in the experimemgadup, but the changes in
the control group is not significant? (= 0.05). Further, based on Figure 3, the heart rate ef th
experimental group increased significantly in congman with the resting heart rat2 € 0.05).
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Figure 3. The mean changesin the IEM G of elbow Figure 4. Themean changesin the IEM G of triceps
flexor musclesin the control and experimental groups brachii in the control and experimental groups

Heart Rate Changes
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Figure5. Changesin theresting heart rate and heart rate during mental practice
DISCUSSION

The key result of the present research was thatahpractice increases the voluntary strength of
elbow flexor muscles as well as their level of eatiion. The early strength gain mechanism as a
result of mental practice is probably due to thanges in the commands of the central nervous
system to the muscle [22]. Research studies sugbestby repeated mental attempts for
maximum muscle activation, the brain will be ad@&dfor creating stronger signals and as a
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result, a stronger command in the central nervgstes may employ the inactive motor units or
to fire the active motor units more rapidly whichllwconsequently lead to greater force
production [14, 22]. Usually, activation of a mwesakill stimulate motor units in a random,
asynchronous fashion and this issue simply meaatsthie actions of different motor units in a
muscle are independent of one another; strengthrgay be due to simultaneous recruitment of
more motor units for a certain task which will féate contraction and increase the muscle’s
strength for force production. Moreover, the inseea the level of stimulation of motor neurons
by the central nervous system will lead to incrdasénulation frequency in the motor unit, and
the change in stimulation frequency will change filvee produced by the motor unit. In other
words, increase in frequency will lead to an insee@n the generated force [12, 19, 1]. If the
electromyography of an agonist muscle is recordednd maximum voluntary contraction
before and after the exercise program, the increas&EMG with regards to integrated
electromyography indicates that more motor unitgehleen recruited, or motor units are
stimulated with more frequency, or that a comboratdf both has occurred [12]. Therefore, it
seems that in the present research, the increal&M@ or the level of activation of biceps
brachii or brachioradialis following mental praetiof maximum voluntary contractions is due to
the increased coordination in recruiting the matoits as well as the increase their firing
frequency.

Another neural adaptation due to practice couldheeeffect of learning. During an exercise
performance, the task is new and the coordinatetwéen the related muscle groups — i.e. the
primary agonist, fixator, and antagonist — maydssIthan desirable. But the coordination of the
neuromuscular system gradually develops and pedocmis facilitated when these muscles are
trained by performing the exercises [12, 1].Thedffof learning on strength development was
studied by Radford and Jones. These researchemtadhat 12 weeks of weight training led to
150-200% increase in the lifted weight during the/gical exercise of opening the legs. The
reason for strength gain is mainly due to greaterdination between all the muscle groups
involved in the movement. The improvement of coeation in a joint is a potential mechanism
for strength gain at early stages of strength imginThus, the neural adaptation created due to
training may be due to the improved coordinationetifow muscles including the decreased
activity of antagonist muscles while the agonistsotes are performing MVCs [1, 7]. In the
present research, the IEMG of triceps brachii ckdngignificantly (Figure 2) and thus the
decreased activity of the triceps can play an ingmarole in increasing strength. But the results
of the present research are inconsistent witheahelts of Ranganathan with respect to the level
of activation of triceps brachii. In the researdhRanganathan, the data of IEMG of triceps
brachii did not change significantly after practitteseems that in his research, the task was so
easy to perform that all the subjects performed tdek correctly [14]. But in the present
research, the task or the test for measuring teagth of elbow flexor muscles was conducted
under two different conditions (90° elbow flexionda90° arm abduction) [20]. This movement
probably requires a greater coordination betweenationist and antagonist muscles since only
the elbow flexor muscles are involved. Thus, thevag of the antagonist muscle has decreased.
The results of the present research are inconsistgh the results of Herbert (1998) and
Ranganathan (2004). In the present research, thegek in the strength of the experimental
group were greater than the two previous studiée Jtrength changes of the groups differ
significantly in the present research. In the regely Herbert, 1.8% strength gain was observed
in the mental practice group and 1.5% strength gais observed in the control group and in the
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research by Ranganathan, the strength gain of [tdwveflexor muscles was 13.5% in the
experimental group and 4.8% in the control grouet ivi the present research, the strength gain
of the elbow flexor muscles was around 30% in thental practice group and 5.15% in the
control group. In fact, mental practice has inceglathe strength of elbow flexor muscles more
greatly in the research of 2004 than that of 128®] in the present research the strength gain
due to mental practice has been greater than thlaé @ther two studies. In Herbert’s research, it
appears that the mental imagery used for subjentsital practice has been of external imagery
type [14]. The results of studies have shown th&trnal imagery is followed by increased
physiological responses such as heart rate andl lpoessure; that internal imagery is more
efficient than external imagery and has a greatfrceon performance [9]. In this regard,
Ranganathan et al. (2000) showed that externala@myagractice is not as efficient as internal
imagery for strength gain [20]. In the present aesle, this factor was controlled by measuring
the heart rate. Thus, Ranganathan (2004) usedattenagery (kinetic) which seems to be the
reason for a greater strength gain in this researclomparison with the previous one. Another
strong factor which affects imagery efficacy is snaental imagery ability. Researchers showed
that imagery is more effective when the individuadése greater imagery ability. Thus, it is not
logical to expect a subject with poor imagery apito be better than the subjects in the control
group. In 1993, Morgan stated that imagery abhigg a significant effect on imagery efficiency
and a person who is unable to vividly imagine aandakill is unlikely to benefit from the
numerous advantages of mental practice [17, 6, Bil}lhe present research, besides using
internal imagery, the motor imagery ability of thebjects was measured using a revised Hall
Questionnaire and subjects with medium-to-high iempgability (subjects with a score of 16 or
greater in imagery ability) were selected. Thug significant increase in the strength of the
flexor muscles in comparison with previous studias be attributed to controlling this very
important factor. Moreover, the strength of thejsats in the control group increased by about
5.15% and this strength gain is probably due to d@bquaintance of the subjects with the
instructions and strength measurement devices whéch equal for both groups.

It must be noted that psychological factor may lemadtrength gain while measuring maximum
voluntary contractions. Accordingly, in the pretastl during the measurement of the strength of
elbow flexor muscles, all the subjects were cheénethe researcher for exerting more power
and they were also notified that a prize is resefee the subject with the highest record. This
issue led to subjects’ concentration on their pernce during strength measurement and
boosted their motivation which reduced the poggibibf increasing the efforts in posttest
measurements. Further, since the criterion fomgtre gain was the posttest data, it was very
important for the subjects to have high motivationapplying the best attempts. Therefore, the
subjects were encouraged to apply maximum forcéhén posttest same as the pretest [22].
Because the subjects practiced separately underedearcher’'s supervision, the researcher
closely monitored the subjects for any clear, vtdmn activation of the arm muscles during
practice performance. Moreover, the subjects wepeatedly asked not to participate in any
exercise program such as endurance training onwgites aerobic exercise and not to perform
physical activities beyond a normal level (relatyvenoderate). They were also asked to report
any sudden change in their lifestyles or activigterns as well as their job applications. All the
subjects reported that their average daily activiad not changed and that they had not
participated in any training program. In particuldrey reported that they never exercised their
elbow flexor muscles voluntarily. Since preliminastudies have shown that a low-intensity
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training program (less than 60% VO02max)will notulesn significant strength improvement,
even if the participants had experienced instahifit their daily activities during the research
period, it seems unlikely that such instabilitieswd be close to 60% in the muscles of interest
[4]. According to previous research, muscle hypgity can have a significant effect on muscle
strength. But intense and repeated activation afates are required for muscle hypertrophy and
in some studies it has been reported that evere@dmaximal strength training sessions has not
led to muscle hypertrophy [6 & 18]; thus the issiighe effect of muscle hypertrophy on the
strength of elbow flexor muscles in the preseneaesh is out of the question.

The results of the present research is consisteghttiae results of Yue, Smith, and Guang who
first trained the abductor muscle of the littlegiam [16, 23] and the results are also consistent
with the results of the research of Sideway. Peopiely use the abductor of their little finger; in
other words, this muscle is less contracted inydstivities. While the elbow flexor muscles are
more widely used in daily activities and the elbfiexor muscles are used in almost all the
activities that involve the forearm. Although thbdactor muscle of the little finger and the
elbow flexor muscles related to each of the granesdifferent, the abductor muscle of the little
finger is a distal muscle and differs in corticapresentation and monosynaptic cortico spinal
projection from elbow flexors (proximal muscles)iaiare not involved in controlling the fine
movements of the finger[4]; it seems that the presesearch managed to achieve similar results
due to controlling the factors that affect the ssscof mental practice as well as placing greater
focus on the mental practice dimension.

CONCLUSION

The increase in voluntary strength through mentatfce and explication of the strength gain
mechanism are important steps toward studying rheptactice in the domain of
neuropsychology and studying the neural mechaniesmgluntary strength gain and the results
of the present research showed that the mind kbassiderably greater ability than body and its
muscles. Thus, people with high imagery ability gaorease the strength of elbow flexor
muscles through internal imagery. The present reBemakes us aware of the advantages of
mental practice. It was shown in the present rebetirat there are some advantages to mental
practice that can be utilized for strengtheningimmobile limb that has been secured due to
harm, dislocation, or sports injuries. This iss@s blear clinical and rehabilitative applications
and is beneficial for those with fractures or sesianjuries in their elbow and those who require
securing their injured limb for a long-term periddsing this method minimizes the difficulties
due to lack of exercise in the injured limb at #ral of the exercise period and can be used as a
rehabilitation technique.
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